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▼The discovery of the Aequorea victoria green fluorescent
protein (GFP; Ref. 1) has revolutionized our ability to study
a wide range of biological processes in vivo (Ref. 2). In this
study, we show that GFP is also useful for in vitro bind-
ing studies. We have been studying the binding of nuclear
envelope lamins to chromosomes using various deletions
of Drosophila lamin Dm0. Bacterially expressed proteins
have been incubated with mitotic chromosomes of Chi-
nese hamster ovary (CHO) cells and their binding has been
assayed by indirect immunofluorescence with 611A3A6
monoclonal anti-lamin antibody (Ref. 3). This method has
worked well for the lamin deletions that can be detected
by the antibody. Several of the deletions, however, lack the
immunoreactive epitope and therefore cannot be detected
by the antibodies.
GFP can be used for greater accuracy in such binding
assays, and indeed we have developed a successful bind-
ing protocol that uses green fluorescent fusion proteins to
overcome the limitations of the anti-lamin antibody indi-
rect fluorescence method. Following incubation with chro-
mosomes, the binding of the fusion proteins can be de-
tected directly by fluorescence microscopy. The binding of
a T425-622 lamin Dm0 deletion to mitotic CHO chromo-
somes can be detected by both 611A3A6 monoclonal anti-
lamin antibody and GFP fusion protein methods (Figure
1a). Neither method suffered from non-specific binding as
was evident when both fluorescence assays were applied to
a T473-572 lamin deletion, which showed no detectable
binding (Figure 1b).
Protocol
A series of lamin Dm0 deletions were prepared and fused to
GFP5. The lamin–GFP fusion proteins were cloned in
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frame with the His6 tag of the pET20b+bacterial expres-
sion vector (Novagen) and purified by a His-binding
nickel agarose column (Qiagen).
Purified lamin–GFP fusion proteins (0.25 µM) were incu-
bated for 45 min at 22◦C with CHO mitotic chromo-
somes (0.1–0.3 OD260 U ml−1) in the presence of 10%
BSA. Paraformaldehyde (0.05%) was added to the reac-
tion mixture, which was then immediately transferred
to poly-L-lysine-coated coverslips.
The coverslips with the chromosomes were washed twice
with PBS, fixed for 20 min at 22◦C in PBS with 2%
paraformaldehyde and thenwashed twice with PBS and
once with PBS containing 0.2% Tween-20 (PBST), each
wash for 10 min. The coverslips were then incubated
for 45 min with PBST containing 10% spray dried 1.5%
fat milk and 1% BSA (PBSTB), and washed again for
10 min with PBST.
For detection of the lamin–GFP fusion proteins, the cover-
slips were stained for 5 min with PBST containing 1 µg
ml−1 4′,6′-diamidino-2-phenylindole (DAPI) and were
then washed twice with PBST and once with PBS, each
for 10 min.
For detection by monoclonal anti-lamin antibody, cover-
slips were incubated for 30 min at 30◦C with the anti-
lamin antibody in PBST, washed twice with PBST for
10 min, incubated for 45 min at 22◦C in PBSTB and
washed with PBST for 5 min at 22◦C. Coverslips were
then incubated with PBST containing 1 µg ml−1 of
Cy3A-conjugated anti-mouse antibodies (Jackson Lab,
West Grove, PA) and 1 µgml−1 of DAPI, with incuba-
tion proceeding for an additional 30 min at 30◦C. Cov-
erslips were washed twice with PBST and oncewith PBS,
each for 10 min.
In both detection methods, the coverslips were mounted
on slides in PBS containing 50% glycerol and 2%
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FIGURE 1. In vitro binding of lamin Dm0 T425-622 and T473-572
proteins to mitotic chromosomes. Mitotic chromosomes were isolated
from Chinese hamster ovary (CHO) cells as described (Ref. 4). a)
Detection of lamin Dm0 T425-622 and lamin Dm0 T425-622 fused at its
C-terminus to green fluorescent protein (GFP) and then to
chromosomes. b) Detection of lamin Dm0 T473-572 and lamin Dm0
T473-572 fused at its C-terminus to GFP and then to chromosomes.
Upper panels show binding to chromosomes that was detected by
indirect immunofluorescence using monoclonal 611A3A6 anti-lamin
antibody. Lower panels indicate detection by GFP fluorescence. Left
panels indicate DNA staining with 4′,6′-diamidino-2-phenylindole
(DAPI). Bar = 5 µm.
n-propyl gallate and were viewed with an epifluores-
cent microscope.
In a previous study it was shown that different lamin
Dm0 deletions bound chromosomes with different inten-
sities (Ref. 3). We therefore compared the binding intensi-
Table 1. Comparison of the binding intensity of
different lamin Dm0 and lamin Dm0–GFP
constructs to chromosomes
Lamin Dm0 amino acidsa
Detection 425-622 473-622 473-572
Antibody ++ + −
GFP ++ + −
aThe positions of the amino-acid termini of each expressed
segment are indicated. ++ indicates a strong signal; +indicates a
low signal; − indicates lack of detectable signal
ties of these fragments with those of their corresponding
GFP fusion proteins. Overall, the relative binding intensi-
ties of three such deletion fragments were comparable be-
tween immunodetection and GFP fluorescence (Table 1).
The intensity was determined qualitatively by comparing
the exposure time needed for receiving a comparable im-
age through a charge-coupled device (CCD) camera.
The method of in vitro GFP fusion protein binding de-
scribed here has several advantages over orthodox im-
munofluorescence. First, it enables the study of binding
of proteins for which an antibody is not available. Sec-
ond, binding can be observed directly without the addi-
tional steps required for the immunofluorescence analysis.
Finally, antibodies vary in their affinity and their binding
is thus hard to quantify. GFP, in contrast, is fused here
to the protein in a one to one ratio, making this a po-
tentially reliable method for evaluation of the strength of
binding.
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